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SUMMARY

This Note records the results of the static detonations of 3/16, 1/4
and 5/16 inch square-section continuous-rod warheads, against Boeing B29
aircraft fuselages, four of which were loaded to simulate straight and level
flight conditions at the attaokostation. In the attack of the mid pressure
section (unpressurised) from 45 above abeam, only the 1/4 and 5/16 inch
square soction rods were capable of causing complete failure of the fuselage,
whilst in the roar bomb bay section (aft of the wings) only the 5/16 inch
rod produced a similar failure of the target.

Stress analyses have ben made of the damaged targets to assist in the
letermination of the mechanism of target failure and of possible fantors
influencing rod offectiveness against aircraft fuselages. Some proposals
for further work are included.

'This document contains information affecting the Ratio=
Defense of the - ates within the meaning of the
Espionne L , -,, U. S. C., Soction 7!)3 and
794. -.. , the revelaticn of its contents
in a y .... - iz.'zo.i is prohibited
by iaw.
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I INTRODUCTION

1.1 Previous trials 1'2 , in which 3/16 and /4 in. square section

continuous-rod warheads were fired against various stationary, unloaded,
fuselage targets, showed that both sizes of rod were capable of severing
up to 50N of the cross-sectional area of target structure, comprising skin,
stringers and in some cases, longerons. From these results it was only
poosible to obtain an indication of the effectiveness of the continuous-rods
in causing a structural kill of the target since the target residual
strengths and the effect of target loading at the time of attack could not
ba determined.

1.2 In consequence, it was decided to mal.e some limited firings of various
sizes of continuous rods against sections of fuselages loaded to reproduce
straiht and level flight stresses in the structure at the point of attack.
IPceir D29 aircraft were chosen as targets since their fuselage construction
is conventional ,nd is tioueht to approximato to that of the Soviet 'Badger'
aircraft. Similar unloaded targets wore included for the purposes of
couparison.

1.3 The four firings described in this Note were made at the P. & E.E.
(rhoeburyness) between June and October 1959 and are to some exten$ comple-
nentary to those made Previously aainst Boeing B29 aircraft wings-?.

2 OBJECTS OF THE TZIIILS

2.1 The objects of the trials wore:-

(a) To Ictermine tie influence of flight loads on the effectiveness
of continuous-rods when attacking aircraft fuselages.

(b) To compare the relative effectiveness of 3/16, 1/4 and 5/16 in.
squarQ-section continuous-rods when attacking various sections of loaded
,rid unloadod aircraft fuselages, mainly of conventional construction.

(c) To determine the factors governing the effectiveness of continuous
rods when attacking aircraft fuselages.

3 TRIALS PROGRMC.iE

3.1 Four warhead firings were made against structurally complete B29
aircraft fuselages, loaded to reproduco straight and level flight stresses
at the attack station. Of these, two attacks wore against the mid crew
compartment ane. two aCgainst the bomb bay section aft of the wings.

3.2 In all but one firing, an unloaded fuselage section,similar to that
being attacked in the loaded condition, was included as a secondary target.
In the remaining firing, a Handley Page Victor aircraft rear fuselage
section was attacked.

3.3 Generally, a continuous rod projected from a G.W. warhead is equally
likely to strike the target from any direction, but duo to the limitations
imposed, in those trials, by target attitude, loading etc., it was decided
to attack all primary targets from 450 above dead abem relative to the
attack station. The secondary targets, not being limited by loading
conditions, were attacked from 450 above abeam and 60" off dead astern.
Those directions wore considered to be typical of continuous-rod attack and
likely to produce circumferential cuts in the target structure.

-4 -
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3.4 A summary of the firings and results is given in Table 1.

4 WARHEADS

4.1 Experimental models of Blue Jay and Red Dean warheads (3/16, 1/4 and
5/16 in. square section continuous rods) were used. Some details of these
warheads are given in Table 2.

4.2 The warheads wore mounted, 20 to 30 ft above the ground, on adjustable
baseplates secured to a simple tubular structure. The slant distances from
the warhead centre to the nearest point on the fuselage, at the attack
station were adjusted, in all the firings, to be 85% of the rod theoretical
maximum hoop radius. Thus, the slant ranges for the 3/16, 1/4 and 5/16 in.
rod warheads were 20, 32 and 25 ft respectively.

5 TARGE.S

5.1 The primary targets used in the trials were full-length Boeing B29
fuselages, assembled complete with inner wings, and mounted, in the normal
flying attitude, on supports under the wing roots. Dead loads were applied
to the upper surface of the tailplane to simulate flight stresses at the
attack station.

5.2 It should be noted that two firings were made against sections of the
fuselage which, in normal flight, would be pressurised. However, since the
presence of such a pressurised compartment in the centre fuselage is most
unusual on modern bomber aircraft it was considered to be more representative
to attack these sections in the unpressurised condition.

The similarity of the structure in adjacent unpressurised regions
showed that any effects, resulting from the strengthening of the structure
of those sections to take pressurisation loads, to be negligible and con-
soquontly damage effects in pressurised and unpressurised sections could be
compared.

5.3 Tho secondary targets consisted of two B29 centre fuselages
(Stns.218-646), one B29 mid crow compartment (Stns.646-834) and one Handley
Page Victor rear fuselage section (Stns.967-1045). These targets were simply
supported ia the required attitudes.

5.4 Details of the layout and loading of the primary targets are given in
Appendix I. General arrangements drawings of the target layouts are given
in Fig.1 and shown pictorially in Figs.9 and 10.

5.5 Cross-sections of the B29 fuselage at the stations attacked, showing
the location and dimensions of the various structural members, are given in
Fig.2.

6 INSTRLKITATI0N

6.1 The time taken by the rods to travel between burst point and target wan
measured by a micro-second counter chronometer, actuated by an infra-red photo-
cell directed at the warhead and six "make screens" fitted n the fuselage at
the attack station. The mean rod velocity was calculated using the average
of the times obtained from each of the six channels. Striking velocities
were then computed from rod retardation data and are given in Table 1.

6.2 In all firings, the instrumentation was provided and operated by the
staff of P. & E.E.(S).

-5-
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7 TRIALS PROCEDURE

7.1 In each trial, after the assembling and positioning of the targets,
the primary target was loaded. The warhead was then detonated and the
re3ulting damage recorded. In the two oases where the loaded target did
not fail, a steadily increasing down load was applied to the fuselage
below the tailplane until failure occurred at the attack station. The
failing load required was noted and the residual strength of the target,
after attack, determinad.

8 TRIALS RESULTS

V.1 The damage to each of the fuselage targets from rod attack is
s umarizsd in Table 3 and illustrated in Figs.3-8 and 11-14.

8.2 Thu residual strengths of the primary targets which did not fail
initially, are given in Table 1 together with moan rod velocities and
approximate striking velocities for each firing.

9 XIALYSIS OF TARGET DAMAGE

9.1 Primary targets

9.1.1 To obtain information on the mechanism of target damage and to
provide indications of the factors likely to affect continuous-rod effective-
ness against aircraft fuselages, structural analyses were made of the four
primary targets damaged in the trials.

9.1.2 The method of analysis was the same as that used by the Boeing
Airplane Co. in the decign of the B.29 and which is described in a report of
the Sidewinder warhead offectivaness issued by W.O.T.S. in the U.S.A.*.
Visual examination of the primary targets had shown thats-

(a) failures were almost wholly tensile,

(b) frame damage was negligible,

(c) exit side damage was relttively small.

Thus, the analycos wore made for pure bending loads only, exit side and frame
draage being neglected. Details of the analyses are given in Appendix 2.

9.1.3 The maximum nominal stresses occurring in the target structures,
immediately after rod attack, and, in two cases, at the commoement of
failure under increased load, were calculated and are as follews:-

Firing Maximm stress (lb/in2 ) CondtionTensile Compressive

No.1 (1/4" C.R. v. Stn.768) 11,500 7,055 At failure after rod
attack.

No.2 (3/16" C.R. v. Stn.768) 10,400 5,690 After rod attack.
16,400 8,940 At failure under

additional load.

No.3 (1/4" C.R. v. Stn.566) 15,680 8,020 After rod attack.
22,600 11,500 At failure under

additional load.

No.4 (5/16" C.R. v. Stn.566) 25,500 9,950 At failure after rod
attack.

T-6
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In each case, the maximum nominal stresses occurred at the ends of the
rod out. As the ultimate tensile strength of the material used in the B.29
fuselage (24 ST. aluminium alloy) is of the order of 60,000 lb/in., it appears
highly probable that fuselage failure was initially duo, in each case, to the
stress concentration at the tonsile loaded end of the rod out giving rise to
a fast propagating crack.

9.1.4 If this assumption is true it is apparent that actual values of
nominal stress alone are of little use in determining whether a structure
will fail or not, the overriding factor being the magnitude of the stress
concentration. In the trials this factor appeared to vary between approx.
2 and 5, probably dependent on the out end shape. Should a fuller under-
standing of the magnitude and occurrence of stress concentrations be obtained
in the futurothen the values of nominal tensile stress will become inoreas-
ingly important.

9.1.5 It has been noted in these and other trials1 ' 2' 3 that the
initially continuous rod hoop, in its passage through the attack face of
typical aircraft target structures, is broken up into numerous small fragements
as a result of the impact (see Fig.12). This fact suggests that the maximum
possible length of continuous out on a circular section fuselage, is that part
of the circumference bounded by the two tange'-s to the fuselage drawn from
the position of warhead detonation. Since the nominal stresses in a target
arising from rod damage are largely dependent on the amount of structure
severed by the rod and hence on the length of the continuous out in the attack
side, it is of interest to compare the lengths of cut obtained in the trials
with the apparent maximum obtainable. This comparison is made in Table 3 and
it will be seen that in all cases the rods produced cuts greater than 900 of
the theoretical maximum with the exception of the 1/4 in. rod attacking
Stn.566 of the primary target, where only 74% was achieved. This fact, and
the shape of the rod cut on the fuselage (Fig.13A), indicates that this rod
did not develop fully, as in the other firings. This result, however, must
not be fully discounted for assessment purposes, as it may lie within the
scatter to be expected in warhead performance. The relatively short length
of cut accounts for the low nominal tensile stress produced in the target and
possibly for the ineffectiveness of the rod warhead in this particular firing.
Also included in Table 3 are the approx. percentages of the total cross-
sectional area of the targets severed by the rods in (a) the attack side and
(b) the attack and exit sides combined. It will be seen that the percentage
difference in structure severed for targets which did fail mad these
which did not was of the order of 3 to 5% for attack side damage. This,
though small, could be significantp bearing in mind the location of the
additional severed material in a highly stressed tensile loaded region. When
exit damage was included, the percentage difference rose to between 5 and 7%.
However, since the exit damage tended to be concentrated on or near the
neutral axis of the damaged fuselage, it is thought to have had little effect
on the target residual strength.

9.1.6 A further point arising from target damage analysis was that the
length of rod out below a line joining warhead and target centres was, in all
cases, equal to or greater than the length of out above this line, and in
probably attributable to the effect of the ground on rod deployment near the
lower extremities of the cuts.

9.2 §c ondarY targets

9.2,1 From the results of Firing No.2, in which the same section of the
B.29 fuselage was attacked by a 3/16 in. rod in both the loaded and unloaded
condition from the sane direction of rod approach, it appeared that target
loading had little effect on the extent of the demage, the length of cut and
amount of structure severed on each target being very similar.

SERPT-DISCRELr
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9.2.2 The results of Firings Nos.3 and 4 against the secondary targets
showed that the effect of changing the direction of attack from 450 above
abeam to 600 off astern was to slightly decrease the amount of skin and
stringer material severed,but this was offset by the severance of several
frames. Exit damage was reduced to negligible proportions. The 5/16 in. rod
was also shown to be capable of damaging longeron members adjacent to the
skin to a greater extent than the 1/4 in. rod.

9.2.3 The low percentage (31%) of structure severed by the 1/4 in. rod
when attacking the Victor rear fuselage was due to the presence of strong
structural members located near the fuselage centre line which the rod was
unable to damage severely, having already passed through the fuselage skin.

10 INTERPR.MTATION OF DAY'AGE ANALYSIS

10.1 Apart from the more obvious factors which may influence rod effective-
ne s, such as rod size, velocity, material and construction, the trials
results and subsequent analysis show that certain other factors should be
considered. These are discussed briefly below:-

(a) Shape of rod cut extremities

If the theory that failure of the loaded fuselages attacked in the
trials was by the propagation of a fast crack from the tensile loaded
extremity of the rod cut, then the nature and shape of the out end may be of
Creat importance since it will determine the magnitude of the stress con-
centration at that point. For example, the stress concentration factor will
be much less at a round-ended cut than at a sharp-ended one. The factors
affecting cut-end shape have not, as yet, been determined but will largely
depend on rod behaviour duriag its passage through the target. Clearly t the
effects of stress concentrations will be restricted to rod outs having one
end in a highly loaded tensile surface.

(b) Direction cf attack

In a fuselage target, the direction of attack will determine the
radial location of the rod cut. The stress analyses made on the damaged
targets show that cuts in the tensile (upper) and compressive (lower) loaded
surfaces will be considerably more effective than cuts in the shear loaded
(side) surfaces since the former are designed to take the majority of the
fuselage bending load and hence contain a large proportion of the target
cross-sectional material. Furthermore, damage to the compresaively loaded
lower surfaces should be the most effective because the allowable stressee
are lowest in this region due to the instability caused in the surface by
the severing of stringers, longerons etc. It has also been found that a
small extension of the rod cut near the top of the fuselage (in tension)
will considerably raise the maximum nominal tensile stress resulting from
the cut.

(c) Fuselage frame damae

The trials have shown that the three sizes of rod used were capable
of severing fuselage frames. Owing to the direction of attack chosen,
however, the primary targets suffered negligible frame damage and this was
not considered in the stress analyses. Firings against the secondary targets
showed that, for other directions of attackp frame damage could be severe
and would almost certainly contribute substantially to the lose in strength
of a fuselage target. This effect would be particularly marked where it
occurred in tension loaded surfaces through the lose of frame support to the
stringers and skinning5 .

-8-
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(d) Warhead maximum hoop radius and stand-off distance

These are directly related to the extent of the target exposed to rod
attack and thus appear to have a direct bearing on the length of the rod out
in the target. The stand-off distance will also affeot the degree of rod
hoop deployment. Thus zig-zag or straight line outs can be obtained*

(e) Brit side damage

It is apparent that the nature, extent and location of damage to the rod
exit side of a fuselage target ma', in certain cases, be the deciding factor
as to whether a fuselage fails or not. The trials have shown that, in general,
the larger the rod size the more exit damage is caused. However, the trials
were done against virtually empty structures and since, in practice, the
majority of an aircraft fuselage will be filled with fuel tanks, bombs and
equipment, it wou2d follow that exit damage in these sections could be
ner.ligibl.

11 CONCLUSIONS

11.1 The main conclusions which may be drawn from the trials are:-

(a) From the results of a single firing, against two targets, there
appears to be no significant visual difference in the damage obtained from
similar attacks with 3/16 in. square section continuous rods against B.29
fuselage structures in the unloaded and 'loaded to 1g' condition.

(b) Under the conditions of the trial, only the 1/ in. and, by
inference, the 5/16 in. rods, are capable of defeating the B.29 fuselage at
Stn.768 when attacking from 450 above abeam and at a stand-off of 85% of the
theoretical maximum hoop radius.

(c) Under the same conditions, only the 5/16 in. rod is capable of
defeating the B.29 fuselage at Stn.566.

d) The fuselage sections which did not fail under rod attack
i.e. 3/16 in. rod against Stn.76C and 1/4 in. rod against Stn.566, were
found to be capable of supporting 1.5 and 1.75 times, respectively, the
level flight loads before failure occurred.

(e) All three sizes of rod are capable of producing continuous outs,
on the attack side of a fuselage target, of length greater than 90% of the
apparent maximum arc possible, and also of severing all skin end light
members in contact with the skin over the length of the cut.

(f) Firings against fuselage sections at directions of attack of 
45°

above abeam and 600 off astern resulted in similar attack side damage. From
the latter direction, however, exit aide dmage was reduced and considerable
frame danage achieved.

(g) Damage to the 'Victor' target showed that a 1/, in. rod is capable
of severing typical sandwich skin structure comprising longerons, double
skin and closely spaced stringers and that exit side damage is eall when
internal diaphragms are present.

(h) The trials results and interpretation show that it is not possible
to determine the residual strength of a damaged target by visual examination
or simple stress analysis only. It appears essential that, until a better
understanding of stress concentration effects is obtained, firings should be
made against loaded structures and, if necessarythese should be loaded to
destruction after firing.

-9-
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(j) The trials have also shown that the following factors may have
a significant influence on rod effectiveness against fuselage targets:-

(i) Shape of rod cut extremities

(ii) Direction of rod attack

(iii)Damago to fuselage frames

(iv) Warhead maximum hoop radius and stand-off distance

12 FURTHER WORK

12.1 It will be seen, from the work described in this Note, that, in order
to assist in the making of rod warhead lethality assessments, much infor-
mation on rod effectiveness against fuselages, of various forms of con-
struction,remains to be investigated. It is suggested that further warhead
firing trials should be made to determines-

(a) the influence of direction of attack, for both circumferential
and angled cuts, on fuselage residual strength, the trials to be combined
with stress analysis,

(b) the influence of rod size, velocity, maximum hoop radius and
warhead stand-off distance on the length and type of rod out in both loaded
and unloaded fuselage sections.

It is also considered essential that further investigations, probably
using theoretical and/or model techniques, should be undertaken to determine :-

(a) the influence of cut end shape on the magnitude of stress con-
centration factors produced in tension loaded surfaces.

(b) the influence of frame damage on fuselage residual strength.
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DETAILS OF TAET LAYOUT AND METHOD OF LOADING

I TARGET LAYOUT

1.1 The primary targets used in the trials consisted of full-length
Boeing B.29A fuselages assembled complete with inner wings and tail-unit.
To simplify the method of loading the whole target assembly was mounted in
the normal flying attitude supported by two reinforced concrete pillars,
located under each wing root, with shaped wooden cradles under the front and
rear spar booms, as shown in Figs.9 and 10. To support the counterbalance
weights located in the aircraft nose, a sandbag cradle was constructed under
the front fuselage.

1.2 The secondery targets, which were not loaded, were in all cases simply

supported at their extremities by sandbag cradles and/or tubular scaffolding.

2 TARGET LOADING

2.1 It was desired that the loading of the primary targets should produce
stresses in tho targals,at the stations attacked, representative of those
occurring when the aircraft was flying straight and level in non-turbulent
air at an all-up weight of 117,000 lb (i.e. with ful, bomb load and half
fuel load). The required conditions were as follows0s-

Fuselage station Stn.768 Stn.566

Condi tion

Bonding moment (B.Mu.) 2,314,000 lb/in. 4,763,000 lb/in.

Shear force (S.F.) I 8225 lb 18,300 lb

2.2 It was found that to reproduce these conditions exactly would require
a very complicated loading system and it was finally decided to load the
fuselage by means of weights placed on the aircraft tailplane such that the
percentage errors in the B.M. and S.F., at the stations attacked, were the
same&

Thus the conditions under which the fuselages were attacked were as
follows:-

Fuselage station 768 st.566
Condition

Bending moment (B.M.) 2,159,800 lb in. 5,736t000 lb in.

Shear force (S.F.) 8885 lb 14,845 lb

It will be noticed that the errors involved in using this simple opten
of loading are appreciable at Stn.566. However, the design criteria for the
B.29 fuselage is the landing case at high weight conditions, and hence the
actual strength of the fuselage may be more than ten times that required for
1g level flight4 . It was, therefore, considered that the errors present would
not greatly affect the trials results.

-12-
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2.3 In all oases whero the targets were loaded, the required weights were

supported on wooden battens, arranged to transmit the loads to the fuselage

through the front and rear tailplane spars (Pig.9). Water-filled tanks located

in the fuselage nose were used as weights to counterbalance the tail loading.

Details of fuselage section weights, applied loads and points of application,

together with the resulting conditions at the attack stations are shown

diagrammatioally in Fig.1 and dotailed in Table 1.

2.4 In the oasos where the fuselage did not fail, the additional load to

cause failure was applied by means of a oablevattached to the fuselage below

the tailplane, which then passed under a pulley, secured to a strong point

in the ground, vertically below the point of application of the load. The

load was thus applied horizontally and, from a spring balance in the cable

run, tho magnitudo of the load applied oeuld be measured.

-13 -
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APPENDIX 2

STRESS ANALYSES OF DAMAGED FUSELAGE SECTIONS

I METHOD OF ANALYSIS

1.1 Stress analyses were made of the four primary fuselage targets which
had bean subjected to continuous rod attack. The calculations were based
on bonding loads only and in view of the small amount of structure severed
on the exit side and its location on or near the effective neutral axis of
the damaged fuselage, exit damage was neglected.

The general method of analysis was the same as that used in the Boeing
stress analysis reports on the 3.29 aircraft and is doscribed in Rf.-4.

1.2 The method consists of determining initially the position of the
neutral axis of the damaged fuselage section. The total effective cross-
sectional area of the remaining structure is found and used to locate the
position of the effective neutral axis. The total moment of inertia can
then be found and substituted in the relations-

fw

where f a nominal stress

M = bonding moment on section

y a distance from effective neutral axis

I - moment of inertia of section

Thus, the magnitude and position of the maximum nominal stresses in the
damaged section may be determined.

The detailed calculations are given in Tables 1-4. For the purposes
of comparison the maximum stresses under the actual trials loading and for
the Ig level flight loading are shown.

141
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S"~an A)
1±.?in No.1 -

I~~feotiie so.n a1
(Bending loads onl

Distance of
mber member from Tenilon Compression Str er Total area(see P g.2) neutral ws area

in, in.2  in. 2  in 2  in. 2

2 3 4 5 6 -

A
dy A

- (3) or (4) + (5)

w 583 0.378 - 0.395 0.773

1 535 0378 - 0.122 0.500

J 47.8 0.338 - 0.402 0.740

K 41.5 0.297 - 0.122 0.419

L 34.7 0.297 - 0.301 0.598

N 27.5 0.297 - 0.173 0.470
N 20.1 0.297 - 0.279 0.576

0 12.7 0.297 - o.301 0.598

P 5.5 0.297 - 0.173 0.470

Q - 1.3 - 0.048 0.395 0.443
N - 7.6 - 0,144 0.402 0.546
S -13.3 - 0.048 1.478 1.526

T - T' -15.8 - 2 x0.0+8 2 xO.173 0.442

U - U' -18.1 - 2x 0.048 2 x 0.395 0.886

V - V' -22.0 - 2 x0.122 2 xO.402 1.048
v - W' -24.8 - 2 xO.031 2 xO*395 0.852

X - Xf -26.5 - 2 x0.031 2 xO.173 0.408

T -27.1 - 0.100 0.402 0.502

6-316 5.35in- Trials
EM 11-797 1g b
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APPN(DIX 2
TABLE I

Stress analysis of damamed fuseLawe

Fiing No.1 - JA in. rod v. Stn.768

(Bending loads culy. rod exit' damaa neameoted)

s skin area Disance of Momenit of Maxiaw itro.. Mlziam Mixon
Compression Stringer Total area member from inertia (trial loading) (Ig lwl flight

area effective loading)

neutral axis

in. in.n in. - in.3 iin. 4 lb/in.2  lb/in.2

- 5 6 7 8 9 10 11

- -3
A Ady y

1- (3) or (4) + (5) -(2) x (6) .(2)-F = (6)x(8) 2  xx(S)

- 0.395 0.773 45.0 "52.95 2160 +11,00 +12,300

- 0.122 0.500 26.7 48.15 1160

- 0.402 0.740 35.4 42.45 1330

- 0.1221 0.419 17.4 36.15 548

- o.301 0.598 20.7 29.35 515

- 0.173 0.470 12.9 22.15 230

- 0.279 0.576 11.58 14.75 125.3

- 0.301 0.598 7.6o 7.35 32.3

- 0.173 0.470 2.58 '0.15 0

0.048 0.395 0.443 - .o58 - 6.65 19.5

0.144 0.402 0.546 - 4.15 -12.95 92.0

0.048 1.478 1.526 -20.30 -18.65 53b.7

Ix 0.048 2 x0.173 0.442 - 7.00 -21.15 197.5

x 0.048 2 x 0.395 0.886 -16.04 -23.45 488

ix0.122 2 x0.402 1.048 -23.10 -27.35 784

x 0.031 2 x0.395 0.852 -21.13 1 -30.15 775

x 0.031 2 x 0.173 0.408 -10.80 -3t.85 415

0.100 0.402 0.502 -13.60 -32.45 530 - 7,o55 - 7,559

S 1_7_ _ _ -- . +63.26 - - -{-3-J-

Trials bending moment H = 2,159,800 lb in.5.35 in-
lg bending moment M' - 2,314,000 lb in.

-18-
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Stress an s

Firing No*2-3I

ese ber Distan e of rf 0" kt in area Strinot e
(See member from T n y Tota area

Fig.2) neutZl a- Tsio Comp3e11o a-ea

in. in. 2  :L,*. 2  ins.2  in*.2  41
2 in

2

1 2 3 4 5 6 7

A

-=(3) or (4) +(5) -(2)

F 62.0 0.378 - 0.173 0.551

0 59.9 - - 0.122 0.122 7

H 58.1 0,378 - 0.122 0.500 29

I 53.3 0.378 - o.122 0500 26

I 47.6 0.338 - 0.402 0.740 35

K 41.3 0.297 - 0.122 0.419 17
L 34.5 0.297 - 0.301 0.598 2d

1 27.3 0.297 - 0.173 0.470 12

N 19.9 0.297 - 0.279 0.576 11

0 12.5 0.297 - 0.301 0.598 7
P 5.3 0.297 - 0.173 0.470 2

Q - 1.5 - 0.008 0.395 0.443 0
R - R' -7.8 - 2 x 0.O4 2 x 0.402 1.092

s - o' -13.5 - 2 x OeO48 2 x 1.478 3.052 -41

T - T' -16.0 - 2 x 0.048 2 x 0.173 0.442 - ?

U -U' -.18.3 - 2 x 0.048 2 x 0.395 0.886 -16

V-V yt -2.2 - 2 x 0122 2 x 0.402 1.048 -21

W - To -25.0 - 2 x 0.031 2 x 0.395 0.852 -21

x - X, -26.7 - 2 x 0.031 2 x 0.173 0.408 -10

1 -27.1 - 0.100 0.402 0.502 -13

14.269 +61

a 4,3 in# Trials bending moment
~Ig bending moment

B.M. at failure

Sac

IISN
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TABLE2

Stress analysis of da-maaed fuselame

Firin No.2 - 3/16 in. rod v. Sn.768

(Dendin, loads only, rod exit I&MM. neglected)

Distance of MAViM Mauiawi
O streon stren Maximu,,, stres

s n Total area mmbr fro Momnt of (trial (Ig level at fmseffeotive inertia lo1 in) flightatf~l~
neutral axis l nlig)

in*2 in.2in.3 in. in.4 ib/in. 2  lb/in.2  lb/in. 2

5 6 7 8 9 10 11 12

I- Ay2  f- f, No f"-

A Ady y

-(3) or(4)+(5) .(2)X(6) (2) (6)(8)2 . .$.t . i X (8)

O.173 0.551 34.2 57.7 1830 +10.400 +11.180 +16.400

0.122 0.122 7.3 55.6 378

0.122 0.500 29.0 53.8 1440

0.122 0.500 26.6 49.0 1200

0.402 0.740 35.2 43.3 1382

0.122 0.419 17.3 37.0 575

o.301 0.598 20.6 30.2 546

0.173 0.470 12.8 23.0 249

0.279 0.576 11.4 15.6 140

0.301 0.598 7.48 8.2 40.2

O.173 0.470 2.49 1.0 0.5

0.395 0.443 - 0.67 - 5.8 14.9

2 x 0.402 1.092 - 8.56 -12.1 160.2

2 x 1.478 3.052 -41.20 -17.8 970

2 x 0.173 0.442 - 7.10 -20.3 182.5

2 x 0.395 0.886 -16.16 -22.6 453.0

2 x 0.402 1.048 -23.30 -26.5 738

2 x 0.395 0.852 -21.25 -29.3 734

x 0.173 0.408 -10.88 -31.0 392

0.402 0.502 -13.57 -31.4 495 -5.690 -.60O0 -8.9%O

14.269 : +61.68 11.920.3 j

Trials bending moment M = 2,159,800 lb in.
Ig bending moment M' . 2,314,0OO lb in.

B.M. at failure H" = 3394,800 lb in.

-19- 2
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Imbr M.atanoe of 1 A ,-. S1zagew ?ota1 aa-ee
(See member from Tenson Copres m a

ftg.2) neutral aria
:In. in, 2  :1.e12  In* 2  Ino 2

1 2 3 4 5 6

A
" " " - (3) or (4) * (5)

3 64.8 0.358 - 0.395 0.753
C 62.7 0.358 - 0.395 0.753
D 59.3 0.358 -0.198 0.556
3 56.9 - - 0.122 0.122
F 54.6 0.408 -0395 0803
0 48.8 0.457 - 0.122 0.579
S42.0 0457 - 0.301 0.758
1 34.4 0.457 - 0.122 0.579
z 26.1 0.457 - 0.301 .758
1 17.4 0.457 - 017.3 0.630
L 8.5 0.457 - 0.173 0.630
M o. 0.457 - 0.301 0.758
N - 9.1 - 0.078 0.173 0.251
0 -17.4 - 0.078 0.173 0.251

P - P' -1909 - 2 x 0.126 2 x 0732 1.716
Q - 5. -25.0 - 2 x 0.078 ix 0.395 0.748
R - 1' -19.9 - 2 x 0.172 2 x 0.940 2.224

4 -31. - 0.078 0.395 0.473
I-e V -33-5 2 2x 20 2 x 2534 5.470

18.812

y -0.3 In. ap . fll

Die
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APPIDIX 2

Sti'm mliii of dIamja fuselIs
FIt,4 1o.3 -. /4 in. rod v. 8UA

(Bandin, load. cmli. r'od st amage awleod)

Dis'tance of Maxium Iuzlato

Strstress 0o. Mg Izit stream
Nu~nermmber from Momt f (0 c levl

S ta5S are Total aea effetive inti(tal at falurneutra axisoU~)

Ins 2  ins 2  inO3  ino4 lb/la.2 lb/ L. 2

5 6 7 8 - 9 10 11 12

I-f. ft -. If ro w

A Ady y'

- (3) or (4) (5) -(2)x(6) 2)x (6)2c(8)2 . 8 I.s"  .

0.395 0.753 48.7 65.1 3180 15,680 13,000 22,60

0.395 0.753 47.2 63.0 2980
o.198 0.556 33.0 59.6 1971

0.122 0.122 6.97 57.2 399

0.395 0.303 43.8 54.9 2415

0.122 0.579 28.2 49.1 1390

0.301 0.758 31.8 42.3 1352
0.122 0.579 19.9 .34.7 697
0.301 0.758 19.7 26.4 529
0.173 0.630 10.9 17.7 197.5
0.173 0.630 5.35 8.8 48.7

0.301 0.758 0.30 0.7 0.4

08 0.173 0.251 - 2.28 8.8 19.4

0.173 0.251 - 4.37 -17.1 73.6
P6 2 x 0.732 1.716 -34.20 -1906 661.0

ix 0. 395 0.748 -18.70 -24.7 457.0

P2 2 x 0.940 2.224 -44.40 -19.6 858.0
o.395 0.473 -15.0 -31.5 4700.

2 x 2.534 5.470 -18390 -33.2 6040.0 -8,00 -6,660 -11,O0

18.A12 - 6.13 J 23•738.6

Tris banding moment if - 5,736,000 lb In.
PPIZ Ig bending moment N' - 4,763P000 lb In.

B.M. at failure M" - 8v276,000 lb in.

- 20 -



BUOUDI

10O.4 -51 :n

(DwAJ.m loads c]., lly

_____ satms.e at ,n,.o,,

(aie Pl.2) SM d swea
:bn . J~ 2  2 . i 2  i n * 2  I n

1 2 3 4 5 6 7

-() o (4) (5) -(2)M

1 63.9 0,408 - 0.395 0.803 51

o 5801 0.457 - 0.t22 0.579 33
1 51.3 0.457 - 0.301 0.758

I 43.7 0457 - 0.122 0.579
J 35,4 0.457 - 0.31 .758 26
K 26.7 0.457 - 0.173 0.630 1

L 17.8 0.457 - 0.173 0.630 11
1 8.9 0.457 - o31 0.758 6
1 002 - 0.078 0.173 0.251
0 - 8.1 0.078 0.173 0.251 -2
P -10.6 - 0.126 0.732 0w858 -,

- -15 - 2 x OOT8 2 x 0.395 0.946 -
I - to -10.6 - 2 x 0.172 2 x 0.90 2.224 -2

8= 5.5 - 2 x 0,078 2 x03 0.,6 41
I-Y' -4.2 - 2 x 0.21 2 x 2.53X 5.470 -132

IL7 +8-17 a 0o5 In* Th Usbd4 S~IgI ba itsmmt 10
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Stzme anali of dgeawd fuamlaas
?FWMn lOA - 5/16 in, rod v. Stn.566

(Bailna loadjs only. rod eit dAMMg ngLtejd)

SiigvDitane at MOIMN te
a tiw ePtla~ ff eotiv inetia (tiul Ioa"

in. 2  3n vin2 IU.

6 7 8 9 10 1

I- Z4rg tm rfE
A Or

- (3) or0 ()+ (5) -(2) x (6) -(2)y-~ N 1A1(f

0.395 0.803 51.2 63.4 3220 25500 Re10100
0.122 0.579 33.6 57.6 191
04301 0.758 38.8 50.8 1950
0.122 0.579 25.3 43e2 1077q
0.30.1 0.758 26.8 34.9 925
0.173 0.630 16.8 26.2 432.
0.173 09630 11.2 17.3 18.8

0.1 0786.75 8.4 5.

* 0173 0.251 0.50 - 0.3 0

0.173 0.251 - 2.03 - 8.6 18.6
0.732 0.858 - 9.05 -1101 10501

2 x 0.395 00946 -14080 -16.2 248.0
2 x 0.940 20224 -70 -11.1 274.0
2 x 0.395 00946 421.20 -23,0 500. 0
2 x 2o534 5.470 -132.0 -24.7 333590 -985 ,P280

U9________ + 8.17 _______ 1.141. _________

b""J bending mammt N - 5,736,000 lb In.
le bending momnut N9n 4,763,000 lb in.
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FIG.9 & 10

FIG.9. TYPICA LAYOUT SHOWING PRIMARY
AND SECONDARY TARGETS IFIRING 3)

MI.10. TYPICAL LAYOUT SHOWING PRIMARYri AND SECONDARY TARGETS (FRINfG 4)
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NCRET TECH. NOTE: MECH. ENG. 333 f
FIG.1I&&ab

FIGI Is. FIRING 1. PRIMARY TARGET. ROD DAMAGE TO ATTACK
SIDE SHO0WING FAILURE (*Inch ROD. STN.746)

Ri.I b. RING I. PRIMARY TARGET. EXIT SIDE OF FUSELAGE
AFTER FAILURE (i inch ROD. STN74S)
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SECRET TECH. NOTE: MECH. ENG. 333
FIG.I lcad

FIG. I I. FIRING 1. SECONDARY TARGET. VICTOR REAR FUSELAGE
BEORE FIRING (I Incd ROD. STN.M)

IIFIG. I I d. FIRING I. SECONDARY TARGET. VICTOR REAR FUISELAGE
[~J AFTER FIRING (i inch ROD. STN.O)
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SECRET TECH. NOTE: MECH. ENG. 333
FIG. 12&

EXW 901

I FIG.12a. FIRING 2. PRIMARY TARGET. DAMAGE TO FUSELAGE
AFTER FIRING (* inch ROD. STN.768)
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WCRET TECH. NOTE: MECH. ENG. 333
FIG. 12b

ATTACK SIDE

EXIT SIDE

FIG. 12b. FIRING 2. SECONDARY TARGET. DAMAGE TO FUSELAGEI AFTER FIRING (*t inch ROD. STh.766)
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SECRET TECH. NOTE: MECH. ENG. 333 f
FIG. I 3a

EXTERIOR

INTEIOR

FIG. 11a FIRING 3. PROMY TARGET. ROD DAMAGE TO ATTACK
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WERIT TECH. NOTE: MECH. ENG. 333
FIG. 13b

EXTERtIOR

INTEIORt

FIG.I3b. FIRING 3. PRIMARY TARGET. ROD DAMAGE TO EXIT
SIDE OF FUSELAGE (i Inch ROD. STN.S"6)
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FIG. 13c

EXTERIOR

INTERIOR

FIG.I3c. FIRING 3. PRIMARY TARGET. FAILURE OF ATTACK SIDE OF
FUSELAGE AFTER APPLICATION OF ADDITIONAL LOAD

(*inch ROD. STN.SM6)
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"CRUT TECH. NOTE: MECH. ENG. 333
FIG. 13d

EXTERIOR

*MRIOf

FIG.I3d. RAMIN 3. PRIARY TARGET. FAILURE OF EXIT SIDE OF
FUSELAGE AFTER APPLICATION OF ADDITONAL LOAD

(*inch ROD. STh.S4M)
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FIG. 13a

EXTERIOR

INTERIOR

FIG. 13s. FIRING 3. SECONDARY TARGET. ROD DAMAGE TO ATTACK SIDE
OF FUSELAGE (* inch ROD. STN.566, 600 OFF DEAD ASTERN)
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SECRET TECH. NOTE: MECH. ENG. 333-I
FIG. t4a

m-

FIG.14. FIRING 4. PRIMARY TARGET. ROD DAMAGE TO ATTACK SIDE
OF FUSELAGE (* Inch ROD. STN.-S)ICI
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FIG.14c. FIRING 4. SECONDARY TARGET. ROD DAMAGE TO ATTACK
SIDE EXTERIOR (isInh ROD. STN.566. 60' OFF DEAD ASTERN)
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SIDE INTERIOR (.& Inch ROD. STN.S6, 600 OFF DEAD ASTERN)
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